Abstract
Cytosolic free magnesium modulates Na / Ca exchange currents in ment of Na and inward movement of Ca in a 3:1 ratio, resulting in a net hyperpolarizing effect ('outward current' or 'reverse mode exchange'). Following the action po-1. Introduction tential plateau, the membrane potential falls and cytosolic 21 [Ca ] rises, causing the exchanger to reverse direction, 21 The Na / Ca exchanger (NCX) has an important role in resulting in Ca efflux and a depolarizing current ('for- 21 regulating cytosolic calcium ( [Ca ] ) that is incompletely ward mode exchange') [1, 2] . Little is known about the understood. Early in the action potential, low cytosolic factors (either intracellular or extracellular) which act to modify the activity of the exchanger. Evidence is ac- 21 cumulating that increased [Ca ] serves to rapidly activate i q Disclaimer: the views expressed in this paper reflect the opinions of both inward and outward currents despite the fact that the the authors only and not the official policy of the Uniformed Services concentration gradient favors only inward current [3] .
University or the Department of Defense.
crucial to exploring the role of the exchanger in normal NaH PO 0.33, glucose 10, and HEPES 10 (pH 7.3 with 2 4 and pathologic states. NaOH) at 378C and oxygenated with 100% O ). Perfusion 2 21 Cytosolic free magnesium ( fewer spontaneous openings and a reduction in calcium creasing [Ca ] . To remove dead myocytes and residual release [5] . The peak L-type calcium current is inhibited by contaminating cell types, the myocytes suspension was 21 free magnesium [6] . The effect of changing [Mg ] in a centrifuged through a discontinuous Percoll gradient, usui physiologically relevant range on Na / Ca exchange, howally resulting in over 90% rod-shape cells. To allow the ever, is unknown. myocytes to recover from enzymatic digestion, the cells 21 We have recently reported that [Mg ] is reduced by were cultured overnight at 378C in serum-free medium 199 i 50% in a canine pacing heart failure model. Furthermore, supplemented with 5 mmol / l carnitine, 5 mmol / l creatine, manipulation of pipette magnesium between 0.5 and 1.0 5 mmol / l taurine, 100 mg / ml penicillin, 100 mg / ml mmol / l significantly altered the duration and variability of streptomycin, and 0.25 mg / ml amphotericin. We have the action potential in both control and failing myocytes found that this approach increases the rate of successful [7] . Because the NCX is significantly upregulated in heart giga-seal formation without significantly altering their 21 failure, it is crucial to test whether a reduction in [Mg ] phenotype with regard to NCX function (data not shown).
i would alter the magnitude of the NCX current (I ). We NCX 21 chose to study the effect of altering [Mg ] binding to the exchanger, but acts at a site that regulates 2, CsCl 5 and glucose 10 (pH 7.4, adjusted with NaOH). both forward and reverse mode NCX activities.
Ouabain (0.02 mmol / l) and nifedipine (0.01 mmol / l) were added to the solution. The internal solution contained (mmol / l): CsCl 65, NaCl 20, Na ATP 5, CaCl 6 or 13, Table 1 , which were calculated using 'Maxdescribed previously [8] . The investigation conforms to the chelator for Windows' software (Dr. C. Patton, Johns
Guide for the Care and Use of Laboratory Animals
Hopkins University). Membrane currents were elicited by published by the US National Institutes of Health (NIH using a standard voltage ramp protocol. From a holding Publication No. 85-23, revised 1996). Yorkshire domestic potential of 240 mV, a 100 ms step depolarization to 175 pigs (10 weeks old) were euthanized with pentobarbital mV was followed by a descending voltage ramp (from 175 sodium. The hearts were harvested by left lateral mV to 2115 mV at 100 mV/ s). The protocol was applied thoracotomy, and immersed in ice-cold saline. The region every 10 s. I was measured as the Ni-sensitive current. NCX 21 of ventricle perfused by the left anterior descending Ni (5 mmol / l) is added to define the fraction of current coronary artery was excised, cannulated, and perfused at that derives from NCX (total current remaining after 21 21 15 ml / min for 10 min with nominally Ca -free modified subtraction of post-Ni trace). Membrane capacitance was Tyrode's solution (in mmol / l, NaCl 138, KCl 4, MgCl 1, directly recorded from the membrane test function of We found no evidence of calcium-activated chloride decreased as well (see Table 1 ). Several studies have current in this species, similar to reports in Guinea pig [9] .
reported that cytosolic ATP regulates NCX activity [11, 12] and that increasing intracellular ATP significantly enhances I . were enhanced compared to a myocyte with high [Mg ] . lular [Ca ] . To test this hypothesis, we increased intraceli 21 21 Fig . 1C shows mean data of peak outward and inward I lular [Ca ] to 200 nmol / l, while the intracellular [Mg ] NCX 21 in myocytes with low and high [Mg ] . Fig. 1D (Fig. 3B ) confirm these trends. Fig. 3C shows the relation- (Fig. 4C) , indicating a balin heart failure and the recent finding that intracellular free anced reduction in NCX activity. This finding suggests that magnesium is significantly reduced in that condition. calcium entry through the NCX [20] . In this study, we tion is unclear. Our finding that both the inward and binding site on the exchanger as the predominate mecha- 
